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Present State Of Tevatron Lower Temperature Operarlon 

Barry L. X01-1-15 

Fermi National Accelerator Laboratory *, P.O. Box 500, MS 347, Batavia IL 60510, USA 

Fer-mllab continues to work on raising the particle energy of the Tevatron by 
lowering magnet temperatures using cold vapor compressors. In 1995, another two 
rounds of power tests were completed. These power tests, although showing 
significant improvement over the initial tests of 1993-94, have led to the conclusion 
that 1000 GeV operation cannot be attained without replacing/rearranging magnets 
with lower quench currents before the next Collider Run in 1999. Development of 
more cold compressor control strategies also continues. 

INTRODL‘CTIOYI 

Since the installation of an upgraded Tevatron Cryogenic System in the summer and fall months of 1993 [ 11, 
engineers at Fermilab have been working on achieving reliable 1000 GeV (4444 amp) operation of the 
Tevatron accelerator in Colliding Beam mode. From December 1993 until late February 1996, during a 900 
GeV phy\ic.s I-un, engineers spent dedicated periods of time on two items: 1) power testing the magnets at 
lower temperatures in an effort to attain reliable 1000 GeV operation and 2) determining how to make cold 
compressor- operations in the Tevatron reliable. 

The results have led to the creation of better control algorithms for cold compressor pumpdowns and 
cold compressor reaction to system disturbances such as a quench. Further, we have concluded that to 
achieve 1000 GeV operation in our next Collider Run (1999) we must: remove known “limiting” magnets 
from our lattice, continue power testing after replacement, and optimize our temperature profile in each 
house. 

REVIEW OF LOWER TEMPERATURE POWER TESTING 

SIXC December of 1993, there have been three lower temperature ringwide power testing study periods. The 
initial test period [2] resulted in a steady state Colliding Beam energy of 975 GeV, operating at a cold 
compressor inlet condition of 3.93K (75.82 kPa). During this test period the Tevatron was also powered in a 
“ramp-to-quench” mode over a two day period. In this mode the magnets trained (nine training quenches 
total) and then peaked at 997 GeV. Scheduled power testing was concluded and the physics program began 
at 900 GeV. 

In July 19% a second power test period took place. Again the Tevatron was tuned for a uniform cold 
comprc.ssol- inlet temperature of 3.93K at each satellite. Several changes were made in our methods for cold 
compressor- operation and powering. First, when pumping down each of the systems, the helium flow was 
kept constant for each string by lowering magnet JT valve settings as we lowered two-phase pressure. In the 
previous test\ we had not adjusted these valve settings and thus flow rates were considerably higher (see 
“New Control5 Strategies”). Second, instead of ramp-to-quench power testing, the energy of the machine 
was raijed in increments of 5 GeV after successfully ramping three times. This second round of tests resulted 
111 six meaningful quenches (twice we had heater firin g unit failures resulting in quenches). This time the 
peak quench energy was 990 GeV. 

After a two month shutdown period for maintenance. a third round of power testing occurred in 
October. 1995. This time our results were very encouraging. We began by tuning the Tevatron to a uniform 
3.93K temperature while also using the constant mass flow techniques previously discussed. It was at this 
time that we began to see the same set of cells quench repeatedly. The first two quenches occurred at magnet 
cell> E34 and C-12. These cells had also quenched in the July tests. This pointed to these magnets as being 
limiting elernc‘nt~. When a house contained a cell that repeatedly quenched, we adopted a strategy of lowering 
:I‘> t~mpel-:~tu~-e to eliminate it from quenching. This allowed us to find the next limiting magnet cell. 

Tht: combined results of the July 199~~ and October 1995 tests are shown in Table I and in Figure 1 
In th15 third round of te\th the machine successfuli~ reached ;I quench energy of 1010 GeV. Although 
LWI~~IC~~IC’~ quite ;II~ achie\.ement, it must be noted our go;11 is to attain a quench energy level of 1030 GeV to 
~~uxx~tee ~rcliablc 1000 GeV operation. In total v.e tuned I I of the 23 houses to temperatures lower than the t- 
initial 3.91K. Fig. 2 shows the temperature profile lve used in the final 1010 GeV quench. 
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Under>tanding 2nd optlmwln g the temperature at each refrigerator is of vital importance as we are 
capacity limited at the Central Helium Liquefier (CHL). As discussed previously [3], the CHL provides 
liquid helium to each wtelllte refrigel-ator to boost its capacity. The amount of liquid helium required itt each 
building 14 ;I function of the two-phase prehwre and the speed of the cold compressor. If we do not optimize 
OUI- temperature distribution at each I-ef~igerator we risk needing more liquid helium than CHL can produce. 

Before the conclubion of our tests. v.c purposely raised the temperature of a few select houses in an 
effort IO identif~...~pec~ircsll~. the magnet in each house that was causing the quench. This effort led to the 
identification 01 t IW magnet\ th;lt \\.111 ha\e to be replaced before we can expect to go to higher energies. 
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PLAN FOR ACHIEVING 1000 GeV OPERATIO?i 

The next Collrd~ng Beam Physics Run. scheduled tiz v IYW. is 10 he at a beam energy of 1000 GeV. In order- 
to meet the goal of 1030 quench energy. ;L general pl;tn ha4 been dewlopsd and is presented here. 

Mapnc~ Rcr,lucement & Relocation 
l The 1995 power testing identified five limiting magncrs. During a two month shutdown in the Spring 

of I996 we replaced two of these. While doing so we also identified and replaced two other magnets 
that arc potentially limiting. The remaining three limiting magnets will be replaced during a future 
maintenance period. 

. Using known Magnet Test Facility (.MTF) test d:~ra \\e uill continue to identify magnets in each of the 
34 houses that we may want to remove or reIoc;ite i see Tevatron Configuration Analysis below). 
Removing or relocating these limiting magnet> cdn onl) be done when problems arise in the Tevatron 
that necessitate warming up a house to 300K. 

Marnet Test Facility Testing 
l Test the thermal performance of the single phase and two phase circuits of a dipole magnet. One dipole 

has been highly instrumented and testing is on-going. 
l Retest the removed “limiting” magnets from the Tevatron. 

More Tevatron Power Testing 
* Power test in May 1996 after a two month shutdown to understand the issue of re-training. During this 

shutdown 2 I houses were at 8OK and three houses were at 300K. 
l Continue power testing as in t 995. Testin, 0 Lvill htart at 3.93K uniformly. Houses wit1 be decreased in 

temperature as they quench. While power testing. ire w11l identify the next set of limiting magnets. 

{atron Configuration Analssis 
Engineers are developing a precise Thermal Simulator for the Tevatron magnet strings. This simulator 
takes a much closer look at the thermal characteristics of dipole, quads, and specialty pieces than the 
normal instrumentation used to operate the machine. This simulation and old MTF quench analysis data 
are being used in combination to develop a magnet reshuffling program. A limiting magnet may not 
have to be removed from a house but merely relocated. This work has already been used in identifying 
potentially limiting magnets in a warm house (see Magnet Replacement and Relocation above). 

NEW CONTROLS STRATEGIES 

A new distributed control system was designed and installed as part of the Low Temperature Upgrade in 
1993 [4,5]. The increase in complexity of each refrigerator required rnoi-e sophisticated hardware and 
software capabilities than the original system, installed in the early 1980’s. Our approach to the new system 
was to develop it in two phases. During Phase I our plan was to design and install the system to make daily 
operations reliable and equivalent to where we were with the original system. Phase 2 addressed issues like 
software to handle the impact of 24 cold compressors operating m the Tevatron. To date, we have 
accumulated 130,249 hours (average of 5427 per cold compressor) since the initial installation. This includes 
operating hours in powered and non-powered times. During this time we have slowly developed software to 
assist cold compressor operations reliability. 

From years of experience operating the satellites. we knon, it is vitally important to develop very 
accurate and precise automatic programs for our major transient conditions. In the past this has included 
300K to 4.5K cooldown and recovery from quenches. Our limited cold compressor experiences have made it 
obvious to us that automatic pumpdown to lower temperatures is even more crucial. 

Using our Finite State Machine (FSM) software, a cryogenic engineer developed an algorithm that 
turns on the cold compressor and marches the machine up in speed in a controlled manner until the final 
pr-essure point is reached. As this is done, magnet string JT valves are tuned back to maintain a constant mass 
flow in the string while the refrigerator’s dewar liquid level ih adequately held within a margin. If liquid is 
boiled off too quickly, the program pauses, waits for deivar level to be within proper tolerances, and 
pumpdown resumes. Total pumpdown from 4.6K to 3.9K at the inlet of the cold compressor takes 
appl-oximatcly 45 minutes and another IO-15 minutes to reach equilibrium at the far end of the magnet strings 
[6] (see Fig. 3). 

In the future each refrigerator could operate at ;1 different tkvo-phase pressure point with different JT 
valve settings. It is important to have an easy method for remembering such items as JT valve settings with 
cold compressors on or off and final cold compressor Inlet pressures. We have developed a MicroVAX 
application pi-ogram that resides on the control network containing this ringwide information. An operator, 
befol-e starting a pumpdown of a house, can automatically download this table to that house. The list is used 
by the FSM described above. As critical parameters change they can be edited within the MicroVAX 
application. .Clultiple files are made possible if needed. An important note is that JT valve settings need to be 
adjusted hack to the 4SK tune if, for any reason. the cold compreabor is turned off. 
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We h;~\ e \pent man\ ho1:1 b >tuJ! ~ng cold compres\o~- behavior during Tevatron quench event>. All 
2-l ~elr~gc~-;~tor\ ha\ e comn~on zupplh pre\\ur-< and r-etut-n pl-essul~e piping. As ;L ~result. whene\,er ;I quench ot 
;I rn~rgnrr OCCIII~Y cie~) I-~~II~CXLIUI- -xc\ .L hlghl>, elevated huction pressure. This has led to trips of the cold 
con1pl-c\wr\ I‘ll< KX~;IIIO 15 :I\ 1‘~1Ilu\~~ I J ‘I quench OCCUI-4, 2) suction side pr-esaur-e ele\x~es rapidly which 
tr;~nsl.~tcs inlo lhe conqxe~~o~- intAt CICL :111ng. 1) ;I dedicated PID control loop tries to speed the muchine up 
to purnpdow~~. 4) the machine tahes ;I Ixy step 111 speed and suddenly appear-s to stop pumping, and 5) 
1‘1n;dly the nxichlne IIX~\ on \xry high current dra\v. I%‘e have taken two steps to eliminate this problem. FiI-st 
we have changed OLII- PID loop 10 111n11 ourselw\ IO 100 rpm changes per step (a step change is allowed every 
6 second\). Second, during a quench. magnet pi-es\ur-e\ peak in 250 msec. This means suction pressut-c will 
also riw VCI-~ quickI>,. TO avoid nu1~111cc trip\ due (0 quenchin g we have found that we can lock the speed of 
each cold compressor un(il suct~w~ p~-ew~re returns 10 nominal values. We accomplish this by intelfacing our 
refrigerator ~~~~c~-op~-oc~~~~t~s to LI Te\:~t~-on Clock Evenr syslern. This event system broadcasts a quench 
occur~~ncc. The lret’rigerator pr-ocessor-b read thih event and then disable PID loops from updating. Tests of 
this method ha\.e %ho\vn we can eliminate unncces\ary trips due to quenches. 

X6 ss Y Y.2 9.4 9.5 9.x 10 

Tim 01 dam (how\) 

Figure 3 Autom;aic Cold Compre\hol- Pumpdo\+ n with Magnet JT Tuning 

CONCLUSION 

Po\rcr Tatin:! .lt lo\\e~- tcmpet-aurc‘ u\cr the pat bear ha.4 surpassed the 1000 GeV enet-gy barrier with our 
ultimate goal be1n2 I OX) Ge\‘. Plan> i11.e to continue testing while Identifying and I-eplacing/t-~loc;ltjrlg 
limi(ing magnet\ If’e continue to 2a1n rkperience with operating cold compressors in the Tevarron. With this 
experience y~ec~;tl~zed control\ Ie;!ture\ XC developed to address our needs. These effort, \iill continue so 
that wc ma!’ Opel-ate rell:rbl! :It hi&r en~y~s\ hegInning in 1999. 

REFERESCE 

I TheilackcI. J.C.. Upg~-a& oi thi: 
( 1991) Vol. 39.A. 5 17 

Te\ ;ltI-on Cr) ogenic S~~srcm. In: Ad\ ;mces in Cr-\,ooenic Enzineel-inr. 

1 -. Sol-ris, B.L.. Statu; Report on the Te\atron Lower Temperature Upgrade, In: Crvoeenia. ( 1991) Vol 
73,517 

3. Fucr.ht. J.D CI ~1. Inclea\lng the !.%cI-~> ot the Fcrmllsb Tevarron Accelerator, In: 4th EuroDean 
I%rtiile Acccli’r..itor Cmlu21i;c. ( 1 Y-1) \‘ol. 3. X55-7360. 

-1. Sol-r-i\. B.L.. et <il Se\< C‘r\~!gsnl~ Control> t’ol- the Te\,at~-on Lo&, Temperatux Upgrade In: Ad\:~nce~ 
iii C‘r\oecnli EII~II~ccI~!~~. i~lO9-i~ \tirl. 3OB. I IS5 

5. s\;ol-lI\. 13 L C~,ill!~~l \\\!Clll Iill FC:~lnii,lb‘ 
r\CCClCldtOl. Ck,!?fcl-tiicc 1Wi 

, Lov. Tcn~per-atu~e Upgrade. Presented at the Purt~cle\ 

h Tlw~lackci J.C C‘I->C~CII~C TI‘,LII~~ .md .Anal~ LIZ .Ah>ociazd With Lower Temper-ature Operatron, 
f’rc~cntc’~l 4: the C~.io~~.ni~ E:ig~nc~x~ 111~ L’ C,!nl~lCllcC I995 

4 


